Normal tables provide an objective step-wise description of the morphological development of an embryo. Such tables have been described for the chicken, turkey, quail, and duck embryos, but there is no such staging table for goose embryos. As the goose has one of the longest incubation periods of all the poultry species and embryo mortality during incubation is relatively high, a normal table of goose embryo development would be useful in assessing the morpho-genetic status of the goose embryo before and during incubation. In this study, embryos were isolated from commercial White Koluda goose eggs stored no longer than four days in a cool room (18
INTRODUCTION
Early embryo mortality, particularly when eggs are stored more than 7 day prior to incubation, is a concern within the commercial poultry industry. It becomes more significant in species characterized by low fecundity and a short, seasonal reproductive period. A prime example is the commercial goose which is characterized by low seasonal egg production (35 to 60 per female), and hatchability that rarely exceeds 80% (Bednarczyk and Rosinski, 1999) . Therefore, the number of goslings obtained from one goose per year is only about 30 to 50. To increase the number of hatched goslings it is essential to determine whether the low hatchability is due to low fertility rates or high embryonic losses.
To estimate early embryonic mortality in chicken and turkey eggs, one must distinguish the fertilized germinal disc (GD) from the unfertilized GD from early dead embryos. In unstored and unincubated eggs, the unfertilized GD is usually a relatively small (less than 3 mm), C 2016 Poultry Science Association Inc. Received August 17, 2016. Accepted December 14, 2016. 1 Corresponding author: ewa.lukaszewicz@up.wroc.pl asymmetrical, dense white spot that may or may not be associated with a variable number of barely visible vacuoles (Bakst et al., 1997) . The fertilized GD is round, about 3.5 to 4 mm in diameter, and is bounded by a whitish outer ring surrounding a lighter appearing central area. A dead blastoderm may be about the same diameter as the fertilized GD but is asymmetrical and irregular in appearance.
In commercial hatcheries, the goose eggs are candled at 8 to 10 day of incubation. Eggs without a viable embryo are classified as clear eggs and, unless these eggs are broken open and examined for evidence of fertilization, are considered unfertilized. The percentage of eggs with a viable embryo is referred to as candling fertility. Only after breaking out the clear eggs and visually examining the status of GD it is possible to obtain the true fertility rate (Bakst et al., 1998) . Our preliminary studies indicated that the difference between candling and true fertility in goose eggs reaches 20% (Lasoń and Lukaszewicz, 2015) .
With the goose, the basis for high embryo mortality needs to be determined if the issue is to be effectively addressed. Is the fertilized GD dying before or after lay? Is prolonged egg storage or conditions related to egg transport to the hatchery the basis for the problem? Are blastoderms in stored eggs dying after the onset of incubation? To respond to such questions one needs to closely examine the GD and determine if its fertilized, unfertilized, and if an early dead, the stage of development at which the embryo died.
Hamburger and Hamilton (HH; Hamburger and Hamilton, 1951) described 46 stages of embryo development from the onset of incubation to hatch. EyalGiladi and Kochav (EGK; 1976) described chicken embryo development from the time of the first cleavage division in the oviduct through the first few hours of incubation. To distinguish the two staging procedures EGK used Roman numerals to designate their stages (Stages I-XIV EGK) while HH used Aramaic numerals. There is some similarity in the early stages of chicken embryo development with that of other poultry species, but differences in the stage of development at oviposition and the temporal appearance of the stages during incubation led investigators to provide specific staging procedures for quail (Stepinska and Olszanska, 1983) , turkey (Gupta and Bakst, 1993; Bakst and Wade, 2014) , and duck (Dupuy et al., 2002) . The only work in which the early embryonic development of the goose was addressed was a comparative study by Sellier et al. (2006) . Although these authors compared the stages of the chicken, duck, turkey, quail, goose, and guinea fowl embryos at oviposition through the first 72 h of incubation, no detailed descriptions or photos of the goose embryo were provided.
Given the high rate of early embryonic mortality in commercial geese the need for a goose embryo staging procedure has become imperative in order to objectively determine aberrations in the rate and appearance of the normal stages of morpho-genetic development of the goose embryo both before and after the onset of incubation. Therefore, the aim of this study was to describe a staging table describing the progressive development of the goose embryo from oviposition through 16 h of incubation.
MATERIALS AND METHODS
White Koluda goose eggs collected from 3-year-old commercial parent flock were used in this study. Natural mating was used with a ratio of one gander to four females. Eggs were collected twice a day (at 8 and 10 am), washed under warm, running water (16 to 18
• C), disinfected with 0.5% DESPADAC (Laboratorios Calier, Spain), air dried, and placed in a cool room (14 to 15
• C) after each collection. The next day eggs were transferred about 1.5 h in a refrigerated truck to the Division of Poultry Breeding, Wroclaw University of Environmental and Life Sciences where the eggs were stored at 16
• C for no longer than three days before incubation. Eggs were incubated at 37.4
• C and 52% relative humidity, in the JC82 Incubator (Gostyń, Poland).
A total of 570 goose eggs were examined in this study. Blastoderms from unincubated eggs and eggs incubated for 4, 8, 12, and 16 h were isolated according the method described by Gupta and Bakst (1993) .
Briefly, the eggshell was cut with scissors at about onethird the length of the egg from its blunt end and the albumen was discarded. The yolk (ovum) was transferred to one's hand or dish and gently rotated to expose the GD. Albumen adhering to the yolk overlying the GD was gently removed using tissue paper and then a filterpaper ring with an inside diameter of 7 mm and an outside diameter of 13 mm was placed on the yolk's surface with the blastoderm in its center. The perivitelline layer (PL) was cut around the outer edge of filter-paper ring and the filter-paper ring with the adhering PL and blastoderm was carefully transferred to a Petri dish containing phosphate-buffered saline (PBS). Yolk adhering to the ventral surface of the blastoderm was whisked away with a hair loop to expose the ventral surface of the blastoderm. To minimize the curling of the blastoderm, about 4 to 6 drops of 10% neutral-buffered formalin was carefully pipetted on the PL (care must be taken to avoid disrupting the blastodermal cells).
The stages of embryo development were determined according to the Eyal-Giladi and Kochav (1976) staging procedure (EGK, designated with Roman numerals) and the Hamburger and Hamilton (1951) staging procedure (HH, designated with Arabic numerals).
Digital images of the embryos and their diameters (the longest axis) were acquired using NIS Elements software and Nikon SMZ800T stereo equipped with a Nikon DS-Fi1c camera (Nikon, Japan).
Differences in blastoderm diameters in relation to the stage of development were statistically analyzed with ANOVA with significance of differences (P < 0.05) verified by Tukey's test for multiple comparisons (Statistica, version 8.0, StatSof, Inc., Kraków, Poland, sp. z o.o.).
RESULTS
Of the 250 unincubated eggs examined, 135 blastoderms were isolated and staged. Of the 80 eggs for each incubation treatment of 4, 8, 12 and 16 h, 38, 38, 46 , and 42 blastoderms were isolated, respectively (Table 1) .
In the unincubated goose eggs examined after 4 days of storage, 35.6% of the blastoderms were at Stage X EGK (Figure 1) , and 24.4% at Stage XI EGK (Figure 1) , which represents the initial stage of hypoblast formation. An additional 31.8% of the blastoderms were more advanced at oviposition (Stage XII through Stage 2 HH), while 8.2% were at Stage IX or below (Table 1) . After 4 h incubation, 57.9% of the blastoderms advanced to Stage XIII EGK (Figure 1 ), which is characterized by complete hypoblast formation. By 8 h, 44.7% of goose embryos were at Stage XIII EGK, while 10.5% had advanced to Stage 4 HH (Figure 1) . After 12 and 16 h incubation, over 65% of embryos were between Stages 2 HH (Figure 1) to Stage 4 HH (Table 1). The increase in embryo diameter could be easily observed, especially from stage XIII EGK (about 4 mm), reaching over 6 mm at stage 4 HH ( Table 2) . 
DISCUSSION
The early stages of White Koluda goose embryo development are morphologically similar to that of the chicken embryo (Eyal-Giladi and Kochav, 1976) . However, some differences were observed. Similar to duck and turkey embryonic development (Bakst and Wade, 2014; Dupuy et al., 2002; Gupta and Bakst, 1993 ), Koller's sickle was not visible in Stage X EGK goose embryo, but an arc of cells was observed in the posterior end of some of the goose blastoderms at Stage XI EGK. Moreover, the diameter of goose embryo at oviposition was slighter larger than chicken embryo (both at stage X EGK) -4.18 ± 0.39 vs. 3.57 ± 0.27 (unpublished data).
The distribution of the developmental stages of the goose blastoderms in unincubated eggs was widely dispersed. Rarely were embryos in unincubated chicken or turkey eggs observed at Stage XII EGK or above. If they were, it was often assumed that the eggs were exposed to temperatures above physiological zero (about 22C) for 4 or more hours prior to cooling below 20
• C. Greater than 90% of the blastoderms from unincubated goose eggs were more developmentally advanced than unincubated turkey, duck, or Guinea fowl eggs and were more similar to the Stage X EGK of the chicken blastoderm at oviposition (Sellier et al., 2006) .
The suggestion that the stage of embryonic development at oviposition is related to the length of incubation time necessary for hatching (Gupta and Bakst, 1993) , may only be applicable to the chicken (Stage X EGK at oviposition, 21 d incubation) and Japanese quail (Stage XI EGK, 15 d incubation). While our observations suggest that the relatively long incubation time of the goose is not related to the stage of the goose blastoderm at oviposition, other factors must be considered.
In Poland, goose egg production usually begins in the middle of January, with ambient temperatures often below 0
• C, and terminates in late June, with ambient temperatures often over 25
• C. Furthermore, commercial goose parent flocks are housed in open, unheated houses. While temperatures below freezing may be lethal to blastoderms temperatures above 22
• C will result in blastoderm development. Thus, the frequency of egg collection, egg transport conditions, and the time elapsed from oviposition to egg storage in a cool room can affect the embryo's development and survival. Sellier et al. (2006) suggested that the developmental stage of the blastoderm at oviposition might be controlled genetically and/or the degree of domestication of the female. This proposal is intriguing as it could provide a biological explanation for the wide range of embryonic stages in the unincubated goose egg. With the chicken, arguably the most domesticated poultry species, the majority of blastoderms from freshly laid eggs are at the Stage X EGK. Other factors that might influence the stage of the blastoderm at oviposition include strain origin, egg laying sequence, sperm quality, and duration of time of the egg mass in the oviduct (Reijrink et al., 2008; Sellier et al., 2006) .
Our speculation that the length of time the goose eggs stays in the nest before cooling has an impact on embryo development is supported by Fasenko et al. (1991) . Since the goose lays its eggs predominantly at night or prior to dawn regardless of ambient temperature, the commercial goose industry should consider a pre-dawn egg collection to reduce blastoderm development beyond Stages X and XI (EGK). Moreover, despite sufficient number of nests, many geese choose to lay in a nest that already contains eggs. This results in some nests containing 5 to 10 eggs at collection, while other nests may have one or no eggs. One consequence of multiple geese laying in the same nest in the first months of lay is the repeated heating and cooling of the nest eggs. Alternatively, during the latter part of the laying season (spring/early summer) nest eggs will retain a relatively high temperature that will support blastoderm development, thus explaining our observations of Stage 2 HH embryos in unincubated goose eggs. More frequent egg collections may reduce embryo mortality as well as result in a higher percentage of the blastoderms in Stages X and XI EGK at the time of collection. One benefit of a more uniform stage of development at the time of egg storage, which in the goose industry is often 7 to 10 days, is the application of the SPIDES (short preincubations during egg storage) procedure during egg storage Dymond et al., 2013) .
While not yet proven to be effective with goose eggs, SPIDES has been shown repeatedly to reduce embryo mortality during egg storage in broilers. Utilization of the goose staging table presented in this study provides a method to communicate precise and objective information on blastoderm development before or after storage, and the first 16 h of incubation. A relatively new, practical application of the embryo staging table is in its use in calibrating the duration of preincubation during SPIDES treatments. For example, SPIDES that result in broiler blastoderms exceeding Stage 4 HH before setting are less likely to survive incubation. However, eggs after SPIDES treatments resulting in the broiler blastoderm reaching Stages XIV EKG and Stage 2 HH, are likely to hatch an improved hatchability compared to eggs not subject to SPIDES. Finally, performing embryo staging will ultimately improve the user's ability to differentiate a fertilized from unfertilized ovum or early dead embryos, thus providing the true fertility status of a given flock.
